Abstract: Ground state magnetic properties are studied by incorporating the super-exchange interaction (J se ) in the spindependent Falicov-Kimball model (FKM) between localized (f-) electrons on a triangular lattice for half filled case. Numerical diagonalization and Monte-Carlo simulation are used to study the ground state magnetic properties. We have found that the magnetic moment of (d-) and (f-) electrons strongly depend on the value of Hund's exchange (J), superexchange interaction (J se ) and also depends on the number of (d-) electrons (N d ). The ground state changes from antiferromagnetic (AFM) to ferromagnetic (FM) state as we decrease (N d ). Also the density of d electrons at each site depends on the value of J and J se .
Effect of Super-exchange Interaction on Ground state Magnetic Properties of Spin-dependent Falicov-Kimball
Model on a Triangular Lattice
INTRODUCTION
Spin-1/2 FKM is the simplest model used to describe metal-insulator transition in a number of rareearth and transition metal compounds [1, 2] . Later FKM was used to study the tendency of formation of charge density wave (CDW) order in strongly correlated systems. Systems which have two types of electrons -itinerant (denoted by d-) electrons and localized (denoted by f-) electrons are studied by FKM.
In our work we have studied Spin-1/2 FKM on a two dimensional triangular lattice system. We have studied competition between various interactions i.e. Hund's exchange (J) and super-exchange interaction (J se ) between localized electrons in the present model which is useful in study of magnetic properties of systems like GdI 2 [3] and its doped variant GdI 2 H x [4] . ,
METHODOLOGY
The spin-dependent FKM Hamiltonian H with super-exchange interaction is given as, We set t <i j> = 1 as the unit of energy scales. The eigenvalue spectrum of the FKM Hamiltonian is obtained by numerical diagonalization technique on a finite-size triangular lattice with periodic boundary conditions (PBC). In order to calculate the average values of the physical quantities the classical Monte-Carlo simulation algorithm is employed by 'annealing' over a subset of configurations of the 'classical' variables {ω iσ = f † iσ f iσ } [5, 6, 7, 8] .
RESULTS AND DISCUSSION
We have studied the effect of J se on variation of magnetic moment of d-electrons (
with number of d-electrons N d at a fixed value of U, U f and J for n f = 1 (n f = N f /N = (N f↑ +N f↓ )/N). We have also studied the density of d-electrons at each site for above case. Initially for the no. of d electrons N d =N, the ground state is antiferromagnetic (AFM) in nature and it continued to be same up to N d =70 for J=5 at J se = 0.01. From Hamiltonian it is clear that there is no on-site coulomb repulsion between d-and f-electrons of the same spins, so they prefer to sit on the same site and one can easily visualize that AFM arrangement of spins of d-and f-electrons minimize the total energy so the net magnetic moment will be zero for both (d-) and (f-) electrons as seen from fig.1 .
With further decrease in the N d , magnetic moment of d-and f-electrons starts increasing as now d-electrons find a plenty of empty sites to hop and on account of that there will be gain in kinetic energy for ferromagnetic arrangement of electrons and hence they now correspond to ground state. We know that superexchange interaction J se favors AFM arrangement of felectrons. One can easily note from Fig.1 that as we increase the value of J se magnetic moment of felectrons starts increase at a lower value of N d .
Variation of magnetic moment of d-and felectrons also depends upon Hund's exchange J . Fig.2 shows the density of d-electrons at each site for the above case at Jse = 0.01 at N d = 40 Density of d-electrons at each site strongly depends on the value of Hund's exchange J and super-exchange interaction J se between localized electrons. It is clear from Hamiltonian that for U = J , there is no on-site coulomb repulsion between d-and f-electrons of the same spins, hence up-spin d-electrons density is more at sites having up-spin f-electrons as shown in Fig.2 . It is also seen from Fig.2 that there are some sites having more d-electron densities than other sites. This is because super-exchange interaction J se arranges felectrons in such a pattern which corresponds to minimum energy state, due to which each NN of a site (each site have 6 NN) have different spins of felectrons. Hence different magnitude of density of delectrons at different sites. In conclusion, the ground state magnetic properties of two-dimensional spin-dependent FKM on a triangular lattice are studied by taking into account various extended interaction terms. Magnetic moment of itinerant d-and localized f-electrons depends on the no. of d-electrons, exchange correlation J and J se and corresponding density of d-electrons also depends upon these parameters.
These results are applicable for the systems of recent interest like cobaltates, GdI 2 and its doped variant GdI 2 H x , NaTiO 2 and NaVO 2 etc.
